The International Centre for Diarrhoeal Disease Research, Bangladesh, is a major center for research into diarrheal diseases. The center treats more than 100,000 patients a year. To obtain useful information representative of all patients, a surveillance system in which a 4% systematic sample of all patients is studied in detail, including etiological agents of diarrhea, was installed in October 1979. The first paper on etiology for the surveillance patients was published in 1982, which identified a potential enteric pathogen in 66% of patients. In subsequent years, several new agents of diarrhea have been identified. To assess the importance of a broader spectrum of diarrheal agents including the ones identified relatively recently, we studied 814 children with diarrhea. The children were up to 5 years of age and were part of the surveillance system. They were matched with an equal number of community controls without diarrhea. The study was conducted from February 1993 to June 1994. A potential enteric pathogen was isolated from 74.8% of diarrheal children and 43.9% of control children (P ‫؍‬ 0.0001). Even though the first study was not a case-control study, it identified rotavirus, Campylobacter jejuni, enterotoxigenic Escherichia coli, Shigella spp., and Vibrio cholerae O1 as major pathogens. The present study identified these pathogens as being significantly associated with diarrhea. In addition, the study also identified six additional agents, including enteropathogenic E. coli, Aeromonas spp., V. cholerae O139, enterotoxigenic Bacteroides fragilis, Clostridium difficile, and Cryptosporidium parvum, as being significantly associated with diarrhea. Plesiomonas shigelloides, Salmonella spp., diffusely adherent E. coli, enteroaggregative E. coli, Entamoeba histolytica, and Giardia lamblia were not significantly associated with diarrhea. Enteroinvasive E. coli, enterohemorrhagic E. coli, and Cyclospora cayetanensis were not detected in any of the children. The major burden of diseases due to most pathogens occurred in the first year of life. As in the previous study, seasonal patterns were seen for diarrhea associated with rotavirus, V. cholerae, and enterotoxigenic E. coli, and infections with multiple pathogens were common. With a few exceptions, these findings are in agreement with those from other developing countries. This knowledge of a broader spectrum of etiological agents of diarrhea in the surveillance patients will help us plan studies into various aspects of diarrheal diseases in this population.
The International Centre for Diarrhoeal Disease Research, Bangladesh (ICDDR,B), located in Dhaka, Bangladesh, is the only international health research institution situated in the developing world. Apart from studying other health-related problems, it primarily conducts research into the etiology, pathogenesis, treatment, and prevention of diarrheal diseases. The center treats more than 100,000 patients a year, and this number is increasing year after year. Although these patients provide valuable materials for research on diarrheal diseases, it is very expensive to gather useful data from all patients because of their great numbers. However, to cull important information which is representative of all patients treated, the center instituted a surveillance system in which every 25th patient (4% sample) is studied in detail, including culturing of stool for important diarrheal pathogens. This surveillance system was established in October 1979, and the first report on the etiological agents of diarrhea in the surveillance patients was published in 1982 (45) . Nearly 17 years have passed since publication of that report, and during this period, many new agents of diarrhea have been identified. The center has undertaken some studies on the etiological roles of some new pathogens during this period (1, 39, 40) , but a comprehensive study in which all pathogens were sought in a single study has never been undertaken. The objective of the present study was to investigate the etiological roles of a broad array of pathogens including the ones discovered relatively recently.
MATERIALS AND METHODS

Patients.
Children who were up to 5 years of age, who had acute diarrhea (defined as three or more stools a day), and who were seen at the Clinical Research and Service Center of ICDDR,B, from February 1993 to June 1994 were studied. These children were part of the routine surveillance patients (every 25th patient is included in the diarrhea surveillance system) (45) . Although this constituted a large sample size for the study period, our objective was to survey pathogens in all surveillance children. The patients were first seen in a triage area, and those requiring further care were admitted to the hospital ward. A physician performed a physical examination and assessed the patient's dehydration status as none, mild, moderate, or severe according to clinical signs (49) . A health assistant administered to an adult guardian a questionnaire regarding demographic background, medical history, and previous treatment. A stool specimen collected immediately after admission was used for etiological studies.
Control children. Controls were healthy children from the same neighborhood as the patients. After leaving the household of a patient in the community, a health worker tossed a pencil onto the street and then walked in the direction in which the sharpened end of the pencil pointed. After passing the first 10 houses, the health worker located the first house with an age-matched control and collected for the control the same information except the physical findings that had been collected for the patients. Control children had not taken antibiotics during the previous 2 weeks. Stool samples were collected from controls within 2 weeks of collection of a sample from patients and were transported in refrigerated boxes to the laboratory within a few hours of collection.
The nutritional statuses of both diarrheal children and control children were expressed by Z scores for weight for age (undernutrition), height for age (stunting), and weight for height (wasting) as described previously (14) .
Microbiology. Stool samples were cultured for bacterial pathogens as described before (1, 40) . The samples were plated on MacConkey agar (MA), Salmonella-Shigella agar (SSA), taurocholate-tellurite-gelatin agar (TTGA), Campy-BAP, and Bacteroides fragilis bile-esculin agar (BBE). The specimens were also enriched in selenite F broth and bile peptone broth and were subcultured onto SSA from the former and onto TTGA from the latter. MA and SSA were used for isolation of Escherichia coli, Salmonella spp., and Shigella spp., TTGA was used for isolation of Vibrio cholerae, Campy-BAP was used for isolation of Campylobacter jejuni, and BBE was used for isolation of B. fragilis. All microbiological media or their ingredients were either Difco products (Becton Dickinson Microbiology Systems, Sparks, Md.) or BBL products (Becton Dickinson and Company, Cockeysville, Md.). Enterotoxin production by B. fragilis was assayed by testing culture filtrate from heart infusion broth for morphological changes on the HT 29/C1 human colonic cell line (40) . Stool was assayed for Clostridium difficile toxin by a standard tissue culture technique with Vero cells (33) . The specificity of the cytopathic effect was verified by neutralization with Clostridium sordelli antitoxin (Wellcome Research Laboratories, Beckenham, United Kingdom). Different categories of diarrheagenic E. coli, enterotoxigenic E. coli (ETEC), enteropathogenic E. coli (EPEC), enteroinvasive E. coli (EIEC), enterohemorrhagic E. coli (EHEC), enteroaggregative E. coli (EAEC), and diffusely adherent E. coli (DAEC), were detected by hybridization of three E. coli colonies from each patient with specific DNA probes (1, 35) . E. coli strains positive for hybridization with EPEC adherence factor (EAF) probe and/or the E. coli attachment and effacement gene (eae) probe were identified as EPEC (1, 35) . Giardia lamblia and Entamoeba histolytica were detected by direct microscopy of a saline preparation of the specimen. Cryptosporidium parvum and Cyclospora cayetanensis were detected with a modified acid-fast stain (27) . Rotavirus was detected by an enzyme-linked immunosorbent assay (47) .
Chi-square and Fisher's exact tests were used to compare differences between the groups. A P value of Յ0.05 was considered significant.
RESULTS
A total of 814 children with diarrhea (age, up to 5 years) and an equal number of matched healthy children from the community were enrolled in the study during a 17-month period from February 1993 to June 1994. The number of children in the different age categories is shown in Table 1 . Among the case children, the male-to-female ratio was 1:0.7, and among the control children, it was 1:1. Even though malnutrition was common, the nutritional statuses of both diarrheal children and control children were comparable ( Table 2) .
A potential enteric pathogen was isolated from 609 children with diarrhea (74.8%) and 357 controls without diarrhea (43.9%) (P ϭ 0.0001). The rates of isolation of different enteric organisms are shown in Table 3 . The organisms that were significantly associated with diarrhea overall were rotavirus, C. jejuni, ETEC, EPEC, Aeromonas spp., Shigella spp., V. cholerae O1, V. cholerae O139, enterotoxigenic B. fragilis (ETBF), C. difficile, and C. parvum EAEC and DAEC were not significantly associated with diarrhea; the latter was isolated from a significantly higher proportion of control children than diarrheal children. Salmonella spp., Plesiomonas shigelloides, G. lamblia, and E. histolytica were isolated from a small number of children and were not associated with diarrhea. G. lamblia was present in a significantly higher proportion of control children than diarrheal children. EIEC, EHEC, and C. cayetanensis were not isolated from any children with or without diarrhea.
Analysis of data according to age strata showed a significant association with diarrhea for all pathogens in the first year of life except for C. jejuni, V. cholerae O139, and ETBF, which had an overall association with diarrhea. In addition, rotavirus, Aeromonas spp., Shigella spp., and V. cholerae O1 were associated with diarrhea beyond the first year of life. V. cholerae O139 was also associated with diarrhea beyond the first year of life (Table 3 ). Because in the older age group, the numbers were small and one would not expect to see statistically significant differences, analysis was repeated by pooling the data for children ages 25 to 60 months for selected pathogens ( Table 4 ). The differences in the isolation rates between case patients and control subjects remained significant for rotavirus, Aeromonas spp., Shigella spp., and V. cholerae O1 and O139 but lost significance for ETEC, EPEC, and ETBF. However, the isolation rates remained insignificant for EAEC and DAEC.
Among ETEC, heat-stable toxin (ST)-only producing strains and both ST-and heat-labile toxin (LT)-producing strains were significantly associated with diarrhea. Among EPEC, strains positive with the EAF probe and the eae probe and those positive with the eae probe but negative with the EAF probe were detected. The former were significantly associated with diarrhea, but the latter were not (Table 5) .
Among children with diarrhea, 321 (39.4%) had infections with two or more pathogens, and among control children, 121 (14.9%) had mixed infections (P ϭ 0.0001). The data on infections with single organisms and coinfection with different numbers of pathogens are shown in Table 6 . A greater number of children with diarrhea than control children had coinfections with different numbers of pathogens. For pathogens significantly associated with diarrhea, mixed infections involving two or more pathogens were seen in 48 to 74% of the children with diarrhea, but no predominant mixed infections were evident ( Table 7) .
The seasonalities of infection were analyzed for selected enteric pathogens. In Bangladesh, the months from December to February are cooler winter months, the months from March to May are hot, dry, spring months, and the months from June to November are hot, wet, monsoon rain months. Peak V. cholerae O139 infections occurred in March and April 1993 and then in August and October 1994. A high prevalence of infection due to V. cholerae O1 was seen in the months of September, October, and December in 1993 and then from April to June 1994 (Fig. 1A) .
ETEC infections were present throughout the year, but then peaked from February to May. There did not appear to be a seasonality for EPEC infections (Fig. 1B) .
Infections due to C. jejuni and Aeromonas spp. were fairly frequent throughout the year, with no seasonality (Fig. 1C) .
Infections with Shigella spp. were prevalent throughout the year, with no particular seasonal pattern. Rotavirus infections peaked in the winter months of December to March (Fig. 1D) . 
DISCUSSION
In the first surveillance study of diarrheal patients from Dhaka published in 1982, which included both children and adults, eight diarrheal pathogens (Salmonella spp., Shigella spp., V. cholerae O1, C. jejuni, ETEC, rotavirus, E. histolytica, and G. lamblia) were sought, and a recognized pathogen was isolated from 66% of patients (45) . In the present study, an additional 12 pathogens (V. cholerae O139, Aeromonas spp., P. shigelloides, C. parvum, C. cayetanensis, C. difficile, EPEC, DAEC, EAEC, EHEC, EIEC, and ETBF) were sought and a potential pathogen was isolated from 74.8% of patients. Many of these additional pathogens were recognized as causative agents of diarrhea relatively recently. Also, the present study differs from the previous study, in that we have included only children up to 5 years of age and community controls, whereas there were no controls in the previous study. Because of the inclusion of controls, it was possible to find an epidemiological association with diarrhea for the pathogens studied. Thus, rotavirus, C. jejuni, ETEC, EPEC, Aeromonas spp., V. cholerae O1 and O139, ETBF, C. difficile, and C. parvum were significantly associated with diarrhea. In a previous study in our center (1), EHEC was detected in only a negligible number of children without diarrhea, and EIEC was not detected in either diarrheal children or control children. Again as in a previous study (1) , DAEC and EAEC were not associated with diarrhea in the present study.
There are conflicting reports on the association of EAEC with acute diarrhea (1, 5, 15, 32, 48) . However, many reports (5, 13, 17), including our previous study (4) , suggested that they are associated with persistent diarrhea. EAEC also causes outbreaks of diarrhea (43) and growth retardation in children (44) . There are also conflicting reports on the association of DAEC with diarrhea. Several studies have not found an association with diarrhea (1, 15, 29) , while others have found an association with acute and persistent diarrhea (3, 21, 25, 31) . It is likely that EAEC and DAEC may represent heterogeneous groups of organisms, and certain subgroups within these categories may be pathogenic.
As reported previously (38, 45) , the rates of detection of Salmonella spp., P. shigelloides, E. histolytica, and G. lamblia have been low in the present study. The other pathogens sought in the study were significantly associated with diarrhea, and for most pathogens the major burden of disease occurred in the first year of life. However, age stratification did not show any association with diarrhea for any particular age group for ETBF, although there was an overall association with diarrhea for this organism. Analysis of data for all patients Ͼ25 months of age also did not show a significant difference between patients and controls. Further analysis of data for all patients Ͼ12 months of age also did not show a significant difference between patients and controls (12 of 
0.065])
. These data are in contrast to the data from a previous study with the same population (40) . In the previous study, among children Ͼ12 months of age, ETBF was significantly associated with diarrhea. Moreover, age stratification also showed a significant association between ETBF and diarrhea for different age strata beyond the first year of life. The differences between the two studies may be related to the culture technique and the control populations. In the previous study, in the beginning of the study PINN (polymyxin B, irgasan, nalidixic acid, novobiocin) medium, a more inhibitory medium, was used for isolation of B. fragilis, and in the latter part of the study, BBE, a less inhibitory medium, was used for isolation of B. fragilis. However, in the present study, BBE was used throughout the study. In the previous study, the controls were nondiarrheal children seen at the hospital for other infections. However, in the present study, they were nondiarrheal children from the community.
Also, in our study Aeromonas spp. were significantly associated with diarrhea. However, the role of Aeromonas spp. as significant diarrheal disease agents is controversial. These organisms have been epidemiologically linked to acute diarrhea in some controlled studies (9, 36) but not in others (20, 37) . Oral challenge studies with Aeromonas spp. have failed to show significant diarrhea in adult volunteers, even though the challenge strains have been shown to produce numerous potential virulence factors (34) . No well-described epidemiologically linked outbreaks of diarrheal disease attributed to Aeromonas spp. have ever been reported. Nevertheless, several case reports support a role for Aeromonas spp. in diarrheal disease.
Diarrheal diseases in these individuals were associated with excretion of Aeromonas organisms, with pure or predominant growth of Aeromonas spp. on culture, a serological response to the organisms, and resolution of symptoms and pathology with the disappearance of the organisms from the stool (26) .
The causative role of P. shigelloides in diarrheal diseases is not firmly established. A previous case-control study has not shown that it has an association with diarrhea (37), although there are several case reports of diarrhea and several outbreaks of diarrhea linked to P. shigelloides (7) . However, the pathogenic mechanism of diarrhea has not been established, and volunteers fed with the organism did not develop diarrhea (22) . The low prevalence of P. shigelloides in our study is comparable to that seen in other studies from neighboring countries (12, 16) .
C. difficile is the major cause of antibiotic-associated diarrhea and pseudomembranous colitis. Its role in sporadic diarrhea in children is controversial. While some controlled studies have shown an association with diarrhea (30), others have not (11, 41) . In the present study, even though it was significantly associated with diarrhea, it was detected in only a small proportion of patients and controls.
As reported previously (1, 45, 47) , cholera, ETEC diarrhea, and rotavirus diarrhea had seasonal peaks, with cholera peaking in the hot, dry spring months and again in the hot, wet months of August to October, ETEC diarrhea peaking in the spring months, and rotavirus diarrhea peaking in the winter months. In 1993, in the initial stages of the outbreak of cholera due to V. cholerae O139, V. cholerae O1 was temporarily sup- pressed, but in 1994 and in subsequent years, it reemerged as the predominant pathogen causing cholera (18) . As found previously in our study (1) and studies elsewhere (5, 30, 41) , among ETEC, ST only-producing and both ST-and LT-producing strains were associated with diarrhea, and among EPEC, both EAF probe-positive (corresponding to localized adherence) and eae probe-positive (corresponding to the presence of the attachment and effacement gene) strains were associated with diarrhea.
As in past studies (19, 45) , another observation from the present study was that infection with multiple pathogens was very common. This is a reflection of environmental contamination, but it makes it difficult to identify which pathogen is the causative agent of diarrhea. It may also be that multiple pathogens act synergistically to produce diarrhea.
Among bacterial pathogens, Yersina spp. were not sought in the present study. However, a previous study found that these pathogens are extremely rare in this population (10) . Also, some viral agents of diarrhea were not sought in this study. A previous study has found serological evidence of Norwalk virus infection in up to 80% of children in Bangladesh (6) . Also, in previous studies, enteric adenoviruses and astroviruses were detected in a small proportion of children with acute diarrhea in this population (28, 46) , although the latter was found in a higher proportion of children with persistent diarrhea (46) .
Among the parasitic agents of diarrhea, C. cayetanensis, a newly discovered agent, was not detected in any children. Initial studies indicated that it causes diarrhea mainly in immunocompromised patients and prolonged diarrhea in expatriate populations in certain developing countries including Nepal (42) . However, a subsequent study in Nepal suggested that it also causes diarrhea among the indigenous children (23) . In a previous study in Bangladesh, it was detected in some patients with prolonged diarrhea (2) .
Thus, the present study in Bangladesh found that, like studies conducted in other developing countries, the major pathogens of childhood diarrhea are rotavirus, C. jejuni, ETEC, EPEC, Shigella spp., and V. cholerae. Other similarities include the low prevalence or absence of infections due to Salmonella spp., P. shigelloides, G. lamblia, E. histolytica, EIEC, and EHEC; a lack of association with diarrhea for EAEC and DAEC; a high prevalence of mixed infections; and a high rate of asymptomatic carriage of pathogens by controls (8, 16, 24) . However, in contrast to a study in neighboring Nepal, we did not detect C. cayetanensis in our children (23) , and contrary to the finding in Thailand, we found an association with diarrhea for Aeromonas spp. (16, 37) .
In comparison to the first surveillance study (45) , the present study has identified additional pathogens that are significantly associated with diarrhea and has placed them in context with traditional pathogens of diarrhea. This new knowledge on the etiology of diarrhea in the surveillance patients will help us plan studies into various aspects of diarrheal diseases in this population.
